A patient who survives the rupture of a cerebral berry aneurysm is very likely to suffer yet another haemorrhage from that aneurysm within the subsequent six weeks, and especially within the first two weeks (McKissock, 1956; McKissock, Paine, and Walsh, 1960) . This is in marked contrast to primary or hypertensive intracerebral haemorrhage and bleeding from an angioma, which, though they may recur, do so at much longer intervals. There is also evidence that second and subsequent haemorrhages from an aneurysm are more likely to rupture directly into the brain with a correspondingly more lethal effect than a purely subarachnoid haemorrhage (Crompton, 1962) . Surgery to prevent recurrent haemorrhage from an aneurysm carries a high mortality in the first few weeks after the initial haemorrhage, but this is the time when it is most urgently required. If it is performed later, the mortality is considerably less, but so also is the danger of recurrent haemorrhage. Thus an essentially prophylactic procedure loses a great deal of its point when it is delayed. It was with these facts in mind that a series of necropsies on patients dying after rupture of an aneurysm was examined to assess any detectable feature associated with early recurrent haemorrhage, and also to determine the effect of the various surgical procedures designed to prevent recurrent haemorrhage.
Recurrent haemorrhage was arbitrarily defined as a further haemorrhage from an aneurysm within six weeks of the haemorrhage which necessitated the patient's admission to hospital. Criteria for this consisted of good neurological evidence of recurrent haemorrhage with fresh blood in the cerebrospinal fluid on lumbar puncture or a necropsy soon after the recurrent haemorrhage, when slightly altered blood from the previous haemorrhage would be found. Cases in which there was any doubt were excluded. This partial thrombosis in the aneurysms was usually mural in the fundus and always formed a laminated plug that extended to fill the rupture and sometimes extended outside the rupture as a fungating reddish or whitish-red knob (Fig. 2 ). This often gave the appearance of an additional loculus to the aneurysms ( Fig. 3 ) until histology showed it was not part of the aneurysm but a plug consisting almost completely of material which stained like platelets with the picro-Mallory stain, together with some laminated fibrin. Red cells were few. The structure of this plug suggested that the conglutination of platelets was an important factor in sealing the rupture in an aneurysm and stopping bleeding.
Recurrent haemorrhages always appeared to occur through the original rupture, and so must have broached the platelet fibrin plug which formed after the first rupture.
Recent thrombus does not necessarily prevent an aneurysm from bleeding again soon, but there are difficulties in making certain whether thrombus has formed before or after a recurrent haemorrhage, especially as organization may develop slowly in thrombosed aneurysms (Crawford, 1959a In a few cases, middle cerebral aneurysms which had been wrapped in cotton gauze, months or years previously, could be examined histologically. They had the appearance of a fibrous mass into which the middle cerebral artery passed and its branches emerged at the other side. There was some fibrous thickening of the intima of these vessels within the mass but they were not occluded. The wall of the aneurysms was very thick and collagenous and only a small lumen was in continuity with the parent vessel. This wall merged into tissue showing a fibrous foreign body giant cell reaction containing small fragments of the disintegrating gauze.
DISCUSSION
Recurrent haemorrhage within two or three weeks is the greatest danger confronting the patient who has survived one haemorrhage from an aneurysm. It would be useful to be able to predict on angiographic grounds which aneurysms were most likely to rupture again soon. An attempt has been made to do this, but it is doubtful if the information obtained would stand up to the test of clinical application to the individual patient; the findings, however, are not without interest.
Posterior communicating aneurysms were found in this series to give rise to these early recurrent haemorrhages rather more often than other aneurysms. It is doubtful if these recurrent haemorrhages were more lethal than those from other aneurysms. It may be that their site in a basal cistern results in a less closely applied mass of platelets, fibrin, arachnoid strands, and pial membrane than develops with anterior communicating and middle cerebral aneurysms, which are intimately enclosed in cerebral fissures.
Multiloculation was found to be of no assistance in predicting recurrent haemorrhage from an aneurysm, while the presence of partial or even extensive thrombosis within an aneurysm afforded no guarantee against early recurrence. The histological findings suggested that blood does in fact dissect up between thrombus and aneurysm wall in some cases to break out again through the original point of rupture (Crawford, 1959b Comparison of different surgical procedures showed that recurrent haemorrhage occurred surprisingly seldom through the cotton gauze wrapping placed around some of the aneurysms. This appears to be a good early prophylactic measure, in view of its ease and lack of trauma to near-by vessels, which were seldom obliterated as a result. It appears to be more important in preventing recurrent haemorrhage by encouraging thrombus formation and fibrosis around rather than within an aneurysm. A thick fibrous wall is soon acquired by the aneurysm, which must virtually guarantee against the occurrence of one of the rarer late recurrent haemorrhages. Obliteration of one anterior cerebral stem, usually the one filling the aneurysm on angiography, did not appear to be highly effective in preventing recurrent haemorrhage from anterior communicating aneurysms. If the blood flow through the unclipped anterior cerebral stem was sufficient to prevent infarction in the anterior cerebral distribution, then the pulse pressure transmitted by it also appeared adequate to produce recurrent haemorrhage from the anterior communicating aneurysm. Most of the common carotid ligations performed for ruptured posterior communicating aneurysms were effective in preventing recurrent haemorrhages, but those for anterior communicating aneurysms were not effective, presumably because these distal aneurysms were not protected from the pulsatile flow from the collaterals on the opposite side. Observations on two cases confirmed that proximal occlusion of a feeding artery, as in carotid ligation, does sometimes eventually lead to sclerosis and shrinkage of not too distally situated aneurysms (Harrison, Odom, and Kunkle, 1963) . This may be by the reduction of pulsation or mural thrombosis or both.
SUMMARY
Recurrent haemorrhage within six weeks of the haemorrhage necessitating admission occurred in about a half of those cases not receiving surgery. They were slightly more frequent with posterior communicating and anterior choroidal aneurysms.
There was little difference in the age and sex distribution of cases which had had and those which had not had recurrent haemorrhages.
Recurrent haemorrhages were no more frequent with multiloculated than with uniloculated aneurysms.
The ruptures in the aneurysms were sealed by a laminated platelet and fibrin thrombus, suggesting that platelet conglutination was an important factor in terminating haemorrhage from an aneurysm.
Recurrent haemorrhages occurred through the original rupture. Partial or even near-total thrombosis of an aneurysm did not guarantee against early recurrent haemorrhage, which burst through the thrombus or dissected up between it and the wall of the aneurysm.
The larger and the more globular aneurysms appeared more likely to suffer early recurrent haemorrhage than the smaller and the longer aneurysms.
Vascular hypertension was no more common in cases with recurrent haemorrhage than in those without.
In cases with multiple aneurysms early recurrent haemorrhage was always from the same aneurysm as originally ruptured.
The effects of surgery on early recurrent haemorrhage were examined. Wrapping the aneurysm in cotton gauze was notably effective and recurrent haemorrhage occurred very seldom. Clipping the dominant anterior cerebral stem and common carotid ligation for anterior communicating aneurysms were not very effective, but common carotid ligation was effective for posterior communicating aneurysms. In two cases, proximal occlusion of the parent artery was seen to result in shrinkage and sclerosis of the aneurysm. Wrapping with gauze resulted in a foreignbody giant cell reaction with eventual dense sclerosis and thickening of the aneurysm wall.
